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Objective
Increasing evidence supports that the sentinel node (SN) is at
greatest risk for harboring metastatic disease. This study de-
scribes a novel technique to identify the SN in colorectal
carcinoma.

Methods
Within 30 minutes of resection, colorectal specimens were
injected submucosally with isosulfan blue in four quadrants.
Blue lymphatic channels were identified in the mesentery and
followed to the blue-stained SN(s), which were then har-
vested. The specimen was fixed in formalin and subsequently
analyzed in the usual fashion. Blue-stained nodes that were
negative by hematoxylin and eosin staining were further ana-
lyzed by immunohistochemical staining.

Results
During a 6-month period, 26 patients with adenocarcinoma of
the colon and/or rectum undergoing routine resection were

studied. There were 18 men and 8 women ranging in age
from 29 to 86 years (median 66). Blue-stained SNs were iden-
tified in 24 of 26 specimens. The mean number of SNs identi-
fied per patient was 2.8 6 1.6. Seventy-three SNs were iden-
tified from a total of 479 lymph nodes harvested. The mean
number of nodes identified per patient was 18.4 6 7. A total
of 67 lymph nodes in 12 patients were identified by hematox-
ylin and eosin staining to have evidence of metastatic disease.
Fourteen (20%) of these nodes in six patients were stained
blue. However, with immunohistochemical staining, only one
blue node did not have evidence of metastatic tumor in a lym-
phatic basin with tumor present. Four patients (29%) whose
lymphatic basins were negative by hematoxylin and eosin
staining were upstaged by immunohistochemical staining of
the SN.

Conclusions
Ex vivo mapping of the colon and rectum is technically feasi-
ble and may provide a useful approach to the ultrastaging of
colorectal carcinoma.

The principles of surgical resection of colorectal carcinoma
dictate removal of the primary tumor, with adequate proximal and
distal margins, and in continuity with the regional draining mes-
enteric lymphatics.1 In addition to the curative intent, pathologic
staging after surgical resection of the tumor is critical not only in
establishing prognosis, but also in determining adjuvant treatment
strategies.2–4 The presence or absence of nodal metastases is the
single most important prognostic factor in resectable carcinoma of
the colon and rectum and currently is the primary indication for
adjuvant systemic therapy.

In 1977, Cabanas5 described a technique to identify
drainage to a lymph node in penile carcinoma. Cabanas

demonstrated that the first node draining the primary
tumor, as defined by lymphangiography, was most likely
to harbor metastatic disease. This node was referred to as
the sentinel lymph node. In 1991, we described a novel
intraoperative technique in a feline model to identify
lymph nodes believed to be at greatest risk for harboring
metastatic disease.6 Based on the hypothesis that tumor
cells metastasize in a defined anatomical pathway to a
primary draining lymph node, intraoperative techniques
were developed to identify and harvest the sentinel node
(SN).7 We called this approach selective lymphadenec-
tomy. As a minimally invasive technique, sentinel
lymphadenectomy can avoid the complications of a com-
plete lymph node dissection in patients without evidence
of metastatic disease while identifying patients with met-
astatic disease in the regional lymphatics who could
potentially benefit from a therapeutic node dissection.
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The feasibility of this approach has been shown in both
cutaneous melanoma7–10 and breast cancer.11–15

In addition to decreasing the complications from negative
regional lymph node dissections, sentinel lymphadenec-
tomy provides the opportunity to analyze a small volume of
tissue more thoroughly, perhaps redefining our understand-
ing of the biology of solid neoplasms. Routine pathologic
analysis of the regional lymph nodes examines only a frac-
tion of the total lymph node tissue submitted. However, the
identification of the node that receives the primary drainage
of the tumor, the SN, allows focused examination of a
limited amount of tissue at greatest risk for harboring met-
astatic disease. Substantial evidence indicates that SN stag-
ing can upstage many patients with breast cancer.16–19The
applicability of this approach in other solid neoplasms is
being explored.20

Complications after resection of solid neoplasms of the
colon and rectum are generally unrelated to the extent of the
regional lymphadenectomy. For this reason, the advantage
of minimizing the surgical intervention, as is done in cuta-
neous melanoma and breast cancer, has little value in these
patients. In fact, if an SN dissection alone were performed,
as is routinely done in cutaneous melanoma, this could
prove to be problematic if the SNs, on further analysis,
proved to have evidence of metastatic disease. However, the
potential benefits of a more thorough examination of the
regional lymphatics that more accurately stages the disease
remain.21 All previous attempts to identify the SN in solid
tumors have used intraoperative techniques. This article
describes a novel approach to identify the SN in carcinoma
of the colon and rectum using ex vivo lymphatic mapping.

METHODS

Technique

Immediately after resection of the colon or rectum, spec-
imens were delivered fresh to the Department of Pathology.

After gross examination of the specimen and within 30
minutes of removal, the colon was incised longitudinally on
the antimesenteric border (in the case of rectal tumors on the
anterior border opposite the mesorectum). In opening the
colon or rectum, no attempt was made to avoid the tumor if
the tumor involved the antimesenteric wall of the colon.
Using a tuberculin syringe, four separate submucosal injec-
tions of approximately 0.25 mL isosulfan blue (Lympha-
zurin 1% in aqueous solution; Ben Venue Labs, Bedford,
OH) were performed in four quadrants around the tumor.
The injections were placed at the proximal and distal mar-
gins of the tumor along the longitudinal axis of the speci-
men and at 90° from these injection sites. If the tumor
extended to the antimesenteric segment of colon, an injec-
tion on both sides of the divided tumor was performed. A
submucosal wheal of approximately 1 cm was obtained.
The injection sites were then gently massaged for approxi-
mately 2 to 5 minutes (Fig. 1).

The mesentery was then examined by gently incising the
overlying peritoneum at the base of the palpable tumor and
at the junction of the mesentery with the colon. The mes-
enteric fat was bluntly separated, and using meticulous
blunt dissection, blue lymphatic channels were identified
and subsequently traced through the adipose tissue of the
mesentery to a blue-stained lymph node. These blue-stained
nodes were then individually harvested and submitted for
histologic examination.

The rest of the resected specimen was then fixed in
formalin overnight before further examination. Lymph
nodes were harvested as follows: the peritoneum overlying
the remainder of the mesentery was incised and then exam-
ined by careful palpation for the presence of lymph nodes.
Any firm tissue remaining after gentle pressure on the
mesenteric fat was isolated from the surrounding mesenteric
fat and sent as a lymph node specimen for histologic exam-
ination by routine hematoxylin and eosin (H&E) staining.

Figure 1. Technique of ex vivo mapping of the lymphatics. Lymphazurin (0.25 mL) is injected submuco-
sally in four quadrants around the carcinoma (A). The specimen is gently massaged, and blue lymphatic
channels are readily identified in its mesentery (B).
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Pathologic Examination

Lymph nodes larger than 3 mm were bivalved in the
longitudinal axis and embedded in paraffin. Lymph nodes
smaller than 3 mm were embedded whole. A single section
was routinely performed (two faces in bivalved lymph
nodes and a single face in lymph nodes smaller than 3 mm).
Histologic sections were processed in the usual manner, cut
at 4 microns, and stained with H&E. Blue lymph nodes,
when negative by routine H&E staining, were further
analyzed.

Additional-level sections of paraffin-embedded blue
lymph nodes were obtained at 300mm. A single section was
obtained after the first additional level and was stained with
antibodies directed at low- and high-molecular-weight cy-
tokeratin (Pan-Keratin AE1/3, CAM 5.2, 35bH11; predi-
luted, Vantana Medical Systems Inc., Tucson, Az). The
immunostains were performed with avidin–biotin peroxi-
dase using the BioTek Automated Staining System (Van-
tana Medical Systems Inc.). Formalin-fixed paraffin-embed-
ded sections of tonsils were used as positive controls, and a
section from each block was taken and incubated with
negative control buffer (Vantana Medical Systems Inc.).

Statistical Analysis

Diagnostic accuracy, sensitivity, and predictive value of a
negative blue-stained node were calculated as described by
Campbell and Machin.22 Confidence intervals were com-
puted utilizing Mathcad 2000 software (Math Soft Inc.,
Cambridge, MA) as described by Fleiss.23

RESULTS

Patient and Primary Tumor
Characteristics

A total of 26 patients with colorectal cancer were studied.
There were 18 men and 8 women ranging in age from 29 to
86 years (mean 65). Most patients had tumors in the sigmoid
colon (14 patients). Six tumors were located in the right
colon, three in the left colon, two in the rectum, and one in
the transverse colon. There were 2 patients with T1 tumors,
5 patients with T2 tumors, 15 patients with T3 tumors, and
4 patients with T4 tumors. There were no patients with
nonregional metastatic disease. The mean number of nodes
identified was 18.4 (range 8–36).

Identification of Blue-Stained Lymph
Node

Identification of at least one blue-stained lymph node was
successful 92% (95% confidence interval [CI] 73.4–95.3%)
of the time, or in 24 of 26 specimens. In the remaining two
patients, blue-stained tissue was harvested but this was not
confirmed to be lymphoid tissue when examined histologi-
cally. The number of blue-stained lymph nodes removed

ranged from 0 to 6, with a mean of 2.86 1.5 blue nodes
identified.

H&E Analysis
A total of 479 histologically confirmed lymph nodes were

harvested from the 26 patents. Sixty-seven lymph nodes in
12 patients were found to harbor metastatic disease by H&E
staining. The number of positive lymph nodes ranged from
1 to 15 (mean 5.6). Figure 2 summarizes the results of the
pathologic analysis of the regional lymph nodes. Tumor was
present in blue-stained nodes harvested from seven patients.
In five patients with metastatic disease, the blue-stained
lymph nodes were negative by H&E staining (Table 1). The
sensitivity of a blue-stained lymph node identifying meta-
static disease with routine H&E staining was 58.3% (95%
CI 28.6–77.2%). The negative predictive value was 73.6%.

Pathologic Analysis by Step Sectioning
and Immunohistochemical Staining

All patients with blue-stained lymph nodes that were
negative by H&E staining underwent further analysis. Step
sectioning was performed, and these sections were stained
by H&E and for the presence of cytokeratin. Fourteen
patients had no evidence of metastatic tumor by routine
H&E staining. In two patients, deeper sections revealed
evidence of metastatic disease by H&E staining, and in two
other patients there was evidence of metastatic disease by
immunohistochemical staining (Fig. 3). In five specimens in
which the blue-stained node did not have metastatic disease
on routine H&E staining, four were found to have evidence
of metastatic disease. Only one patient who was found to
have metastatic tumor on H&E staining did not have evi-
dence of metastatic tumor in the blue-stained lymph node.
Sensitivity of the blue-stained lymph node in identifying
metastatic disease increased to 93.7% (95% CI 67.7–94.6%)
over H&E examination alone. The predictive value of a
negative blue-stained node was 92.8%.

DISCUSSION
It is well recognized that substantial complications may

be associated with radical lymphadenectomy of the axilla

Figure 2. Distribution of patients undergoing ex vivo sentinel node
mapping.
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and groin. Lymphedema, the most significant long-term
complication after radical inguinal or axillary node dissec-
tion, is not uncommon. For this reason, one of the major
advantages of a minimally invasive SN dissection in pa-
tients with cutaneous melanoma and breast cancer is the
potential to spare patients without nodal metastases an un-
necessary complete lymph node dissection. In patients with
breast cancer, sentinel lymphadenectomy has eliminated
lymphedema and intercostal nerve paresthesia.15

The other potential major advantage of SN dissection is
the potential to refine the staging of solid neoplasms.
16,18–20,24Because there is little risk of increasing the risk of
complications from a radical regional lymph node dissec-
tion in carcinoma of the colon or rectum, it would seem
reasonable that the ability to study the primary draining
lymph nodes in greater detail without intraoperative map-
ping techniques (as required in cutaneous melanoma and
breast cancer) might provide a useful adjunct to the routine
pathologic examination of the regional lymphatics.

This article describes an alternative approach to mapping
the lymphatics and identifying the SN in resected carcinoma
of the colon and rectum. While avoiding intraoperative
manipulation of the specimen to identify the regional lym-
phatics, we were able to map the lymphatics of the colon
and rectum and identify blue-stained lymph nodes that are
consistent with the biologic definition of an SN. Ex vivo SN
mapping provides a simple and potentially cost-effective
technique to stage carcinoma of the colon and rectum with-
out the need for intraoperative techniques.

Sentinel lymphadenectomy is generally accepted as the
standard of surgical care in staging cutaneous melanoma.25

However, its role remains investigational in breast cancer.26

The potential utility of sentinel lymphadenectomy has now
been described in several solid neoplasms, including squa-
mous cell cancer of the vulva,27–29Merkel cell carcinoma,30

thyroid cancer,31 and most recently gastrointestinal malig-
nancies.20 All of these approaches use intraoperative lym-
phatic techniques to map the lymphatics and identify the SN

Table 1. PATHOLOGIC RESULTS: PRESENCE OF METASTATIC DISEASE IN REGIONAL
LYMPH NODES

SN
Analysis

H&E Analysis IHC Analysis

Present Absent Total Present Absent Total

Positive 7 0 7 15 0 15
Negative 5 14 19 1 10 11

12 14 26 16 10 26

H&E, hematoxylin and eosin; IHC, immunohistochemistry; SN, sentinel node.
Sensitivity, H&E: 58.3% (95% CI 28.6–77.2).
Predictive value of a negative H&E test: 0.74.
Sensitivity, IHC: 93.7% (95% CI 67.7–94.6).
Predictive value of a negative IHC test: 0.93.

Figure 3. (A) Permanent sections obtained from deeper cuts showed tumor in the lymph node (3250,
hematoxylin and eosin staining). (B) Using immunohistochemical staining for cytokeratin, single brown-
staining cells, morphologically consistent with metastatic adenocarcinoma, are identified (3400, pancytok-
eratin stain).
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at the time of surgery. However, surgical approaches could
pose problems.

One of the vexing problems with intraoperative lym-
phatic mapping has been the issue of credentialing and the
number of procedures necessary to be performed to dem-
onstrate accurate harvesting of the SN.32–35 The current
American College of Surgeons Oncology Group trial eval-
uating sentinel lymphadenectomy requires a minimum of 30
procedures before being able to enroll patients.36 The work-
load and practice patterns of general surgeons in the United
States37 indicate that approximately 13 colectomies are per-
formed annually by general surgeons. The feasibility of
learning intraoperative techniques in a timely fashion may
be problematic except in high-volume settings. Our ex vivo
approach may circumvent this issue because the pathology
laboratory in a single institution should consolidate the case
load of multiple general surgeons practicing in that institu-
tion, allowing the pathologists to gain expertise in lym-
phatic mapping.

Mechanical manipulation to increase lymphatic flow is
commonly used to improve SN identification in both cuta-
neous melanoma6,7 and breast cancer.15 The potential for
shedding tumor cells in this setting has been raised. Ex vivo
SN mapping avoids this potential problem and allows the
surgeon to perform an en bloc resection without fear of
shedding tumor cells or disrupting the fascial planes that
may be critical in minimizing local recurrences. Massaging
the resected specimen to reproduce lymphatic flow in the in
continuity lymphatic basin of the resected cancer specimen
proved to be feasible and simple in the pathology labora-
tory. All but two patients had ready identification of at least
one blue-stained lymph node.

For cutaneous malignancies in which avoidance of a
complete lymph node dissection can substantially reduce
sequelae, intraoperative techniques are critical to avoid un-
necessary (histologically negative) lymphadenectomies. In
contrast to cutaneous malignancies, the rationale for avoid-
ing a complete lymphadenectomy is far less compelling in
tumors of the gastrointestinal tract. In fact, the ability to
return to perform a completion regional lymphadenectomy
if the SN was found to have metastatic tumor, as is routinely
recommended in cutaneous melanoma and breast cancer, is
clearly more problematic. For this reason, identifying the
SN at the time of surgery to avoid a lymphadenectomy is
not critical.

At the initiation of this pilot study, we were unsure of the
biologic character of the blue-stained nodes identified by ex
vivo lymphatic mapping, but analysis showed that they are
biologic SNs. In 12 patients who were found to have met-
astatic disease in the regional nodes, the blue-stained lymph
node was found to be involved with metastatic tumor either
by H&E staining or by immunohistochemistry in 11 pa-
tients. The blue-stained lymph node was the only node with
metastatic tumor in five patients, four of which were posi-
tive only by immunohistochemistry. This ex vivo SN map-

ping technique identifies nodes that are consistent with the
SN hypothesis.

A distinction must be made between harvesting increas-
ing number of nodes and examining SNs. An SN represents
the primary drainage of the primary tumor, and optimally all
SNs should be examined to stage the disease most accu-
rately. This is not equivalent to randomly examining a
sample of nodes, which has been demonstrated to be inad-
equate when attempting to stage the regional lymphatics.38

Because the SN is not necessarily the closest node geo-
graphically to the primary tumor, and because lymphatic
drainage may vary from patient to patient, lymphatic map-
ping is critical to identify the SN accurately.

Immunohistochemistry can identify tumor deposits in
approximately 20% of nodes that were normal by routine
examination with H&E staining.18 The addition of polymer-
ase chain reaction technology identifies markers of tumor
cells in 30% to 40% of H&E-negative lymph nodes.21

Others have used immunohistochemistry to identify micro-
metastases in colorectal carcinoma.39–42In our population,
29% of patients who were negative by H&E staining were
found to have small deposits of tumor by further analysis of
the blue-stained lymph node using immunohistochemistry.
One of these patients had only a T1 carcinoma.

The prognostic value of ultrastaging the regional lymph
nodes in colorectal cancer remains controversial. Retrospec-
tive analysis has produced conflicting results. Liefers et al,21

using a carcinoembryonic antigen-specific nested reverse
transcriptase polymerase chain reaction (RT-PCR), ob-
served a significant difference in survival in patients with
stage II carcinoma of the colon and rectum in whom mi-
crometastases were detected by this approach. Greenson et
al39 showed that immunoperoxidase techniques could iden-
tify micrometastatic disease, and the presence of micro-
metastatic disease correlated with a poorer prognosis. Other
investigators, however, have failed to confirm that micro-
metastases, detected by immunohistochemical staining, sig-
nificantly affect the prognosis.40–42 The prognostic impli-
cations of our results have yet to be determined because the
follow-up on our patient population is not sufficient to
address this issue. However, it is intriguing that upstaging in
29% of our patients is consistent with the approximately
30% of patients with stage II disease in the Surveillance,
Epidemiology, and End Results Program of the National
Cancer Institute43 who died of recurrent colorectal cancer at
10 years. Although it might seem that the natural next step
would be to explore the defined benefit of adjuvant systemic
therapy in the setting of micrometastatic disease identified
by ultrastaging methods, we believe the biologic relevance
of these findings needs to be validated in large multicenter
studies, as is being proposed by the American College of
Surgeons Oncology Group.

Although only one patient who was positive by H&E
staining for metastatic tumor did not have a blue-stained
lymph node with metastatic tumor, most histologically pos-
itive lymph nodes were not blue-stained (70%). Some have
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suggested that the presence of macroscopic volumes of
tumor might alter the lymphatic flow, which may explain
this observation.12 However, in contrast to cutaneous mel-
anoma and breast cancer, in which the portal of entry into
the lymphatic basin is being defined to identify patients who
do not require a complete lymph node dissection, the major
purpose of our approach is to refine our ability to stage
colorectal carcinoma and redefine the biology of the disease.
Patients who are found by routine H&E staining of the
regional lymph nodes to have metastatic disease do not
require further analysis. However, our data suggest that in
H&E-negative lymphatic basins, a more detailed analysis of
the SN can upstage the disease in a significant number of
patients. Our approach is not designed to replace routine
pathologic analysis but rather to serve as an adjunct in
patients found to be node-negative by routine H&E staining.

Two patients on further sectioning were identified as
having metastatic disease by H&E staining alone. It is well
recognized that serial sectioning in breast cancer can up-
stage disease in patients with apparently node-negative dis-
ease.44 The International Breast Cancer Study Group up-
staged disease in 9% of 921 breast cancer patients using
serial sectioning. However, it is unknown whether this
approach in colorectal cancer would have similar yields, and
the time, effort, and cost necessary to study nonselectively
all regional nodes in this fashion are generally considered
prohibitive.

Several methods are available to identify micrometastatic
disease. Molecular detection of micrometastases using RT-
PCR requires snap freezing of the lymph node in liquid
nitrogen for isolation of RNA. Although molecular detec-
tion can identify a single tumor cell in a background of 1 to
10 million normal cells, because of the rapid degradation of
RNA, this approach may not be feasible except in special-
ized laboratories. In addition, normal epithelial cells may be
detected by RT-PCR,45 which may compromise the clinical
utility of this approach. Currently, it is estimated that the
cost of RT-PCR analysis of a single SN approaches $200
(personal communication, Reintgen DS); this does not in-
clude the extra handling and storage of specimens. We
estimate that the cost of processing a single blue-stained
node in our laboratory, including the extra handling of the
specimen in the anatomical pathology laboratory, to be
approximately $55, a substantial savings over analysis by
RT-PCR. Others have used immunohistochemical staining
of all regional nodes to identify micrometastases. However,
immunohistochemical staining of the entire lymph node
basin, in which on average 15 nodes need to be examined,46

would be excessively expensive and time-consuming. For
this reason, a simple technique, using readily available
reagents, to identify the nodes at greatest risk for upstaging
carcinoma of the colon and rectum has great appeal. The
approach described in this article was easily taught to pa-
thology prosectors and proved to be a time-efficient tech-
nique that can be easily performed to analyze more thor-
oughly small volumes of tissue at apparently increased risk

for harboring metastatic disease. We intend to continue
analysis of this approach to determine the prognostic sig-
nificance and clinical relevance of ultrastaging by ex vivo
lymphatic mapping in patients with carcinoma of the colon
and rectum.

References

1. Steele G, Tepper J, Motwani BT, et al. Adenocarcinoma of the colon
and rectum. In: Holland JF, Frie III E, Bast RC, et al, eds. Cancer
medicine, vol. 2. Philadelphia: Lea & Febiger; 1993:1493–1522.

2. Wolmark N, Rockette H, Fisher B, et al. The benefit of leucovorin-
mediate fluorouracil as postoperative adjuvant therapy for primary
colon cancer: results from the National Surgical Adjuvant Breast and
Bowel Project protocol C-03. J Clin Oncol 1993; 11:1879–1887.

3. Moertel CG, Flemming TR, Macdonald JS, et al. Fluorouracil plus
levamisole as effective adjuvant therapy after resection of stage III
colon carcinoma: a final report. Ann Intern Med 1995; 122:321–326.

4. Moertel CG, Fleming TR, Macdonald JS, et al. Levamisole and
fluorouracil for adjuvant therapy of resected colon cancer. N Engl
J Med 1990; 322:352–358.

5. Cabanas RM. An approach for the treatment of penile carcinoma.
Cancer 1977; 39:456–466.

6. Wong JH, Cagle LA, Morton DL. Lymphatic drainage of skin to a
sentinel lymph node in a feline model. Ann Surg 1991; 214:637–641.

7. Morton DL, Duan-Ren W, Wong JH, et al. Technical details of
intraoperative lymphatic mapping for early stage melanoma. Arch
Surg 1992; 127:392–399.

8. Reintgen D, Cruse CW, Wells K, et al. The orderly progression of
melanoma nodal metastases. Ann Surg 1994; 220:759–767.

9. Thompson J, McCarthy W, Bosch CM. Sentinel lymph node status as
an indicator of the presence of melanoma in the regional lymph nodes.
Melanoma Res 1995; 5:255–260.

10. Ross MI, Reintgen D, Balch CM. Selective lymphadenectomy: emerg-
ing role for lymphatic mapping and sentinel node biopsy in the
management of early stage melanoma. Semin Surg Oncol 1993;
9:219–223.

11. Giuliano AE, Kirgan DM, Guenther JM, Morton DL. Lymphatic
mapping and sentinel lymphadenectomy for breast cancer. Ann Surg
1994; 220:391–401.

12. Guenther JM, Krishnamoorthy M, Tan LR. Sentinel lymphadenectomy
for breast cancer in a community managed care setting. Cancer J 1997;
3:336–340.

13. Krag D, Weaver D, Ashikaga T, et al. The sentinel node in breast
cancer: a multicenter validation study. N Engl J Med 1998; 339:941–
946.

14. Veronesi U, Paganelli G, Galimberti V, et al. Sentinel-node biopsy to
avoid axillary dissection in breast cancer with clinically negative
lymph nodes. Lancet 1997; 349:1864–1867.

15. Giuliano AE. Mapping a pathway for axillary staging: a personal
perspective on the current status of sentinel lymph node dissection for
breast cancer. Arch Surg 1999; 134:195–199.

16. Trojani M, Mascarel I, Bonichon F, et al. Micrometastases to axillary
lymph nodes from carcinoma of breast: detection by immunohisto-
chemistry and prognostic significance. Br J Cancer 1987; 55:303–306.

17. Turner RR, Ollila DW, Stern S, Giuliano AE. Optimal histopathologic
examination of the sentinel lymph node for breast carcinoma staging.
Am J Surg Pathol 1999; 23:263–267.

18. Giuliano AE, Dale PS, Turner RR, et al. Improved axillary staging of
breast cancer with sentinel lymphadenectomy. Ann Surg 1995; 222:
394–401.

19. Dowlatshahi K, Fan M, Snider HC, Habib FA. Lymph node micro-
metastases from breast cancer: reviewing the dilemma. Cancer 1997;
80:1188–1197.

520 Ex Vivo Sentinel Node Mapping in Colorectal Cancer Ann. Surg. ● April 2001



20. Bilchik AJ, Guiliano AE, Essner R, et al. Universal application of
intraoperative lymphatic mapping and sentinel lymphadenectomy in
solid neoplasms. Cancer J 1998; 4:351–358.

21. Leifers G-J, Cleton-Jansen A-M, Velde CJHvd, et al. Micrometastases
and survival in stage II colorectal cancer. N Engl J Med 1998;
339:223–228.

22. Campbell MJ, Machin D. Medical statistics: a commonsense approach,
3rd ed. New York: John Wiley & Sons, Ltd; 1999.

23. Fleiss JL. Statistical methods for rates and proportions, 2nd ed. New
York: John Wiley & Sons, Ltd; 1981.

24. Turner RR, Ollila DW, Krasne DL, Giuliano AE. Histopathologic
validation of the sentinel lymph node hypothesis for breast carcinoma.
Ann Surg 1997; 226:271–278.

25. Cascinelli N. An overview on sentinel lymph node dissection. 9th
International Congress on Anti-Cancer Treatments, Paris, 1999.

26. McMasters KM, Giuliano AE, Ross MI, et al. Sentinel lymph node
biopsy for breast cancer–not yet the standard of care. N Engl J Med
1998; 339:990–995.

27. DeCesare SL, Fiorica JV, Roberts WS, et al. A pilot study utilizing
intraoperative lymphoscintigraphy for identification of the sentinel
lymph nodes in vulvar cancer. Gynecol Oncol 1997; 66:425–428.

28. Levenback C, Burke TW, Gershenson DM, et al. Intraoperative lym-
phatic mapping for vulvar cancer. Obstet Gynecol 1994; 84:163–167.

29. Terada KY, Coel MN, Ko P, Wong JH. Combined use of intraopera-
tive lymphatic mapping and lymphoscintigraphy in the management of
squamous cell cancer of the vulva. Gynecol Oncol 1998; 70:65–69.

30. Messina JL, Reintgen DS, Cruse CW, et al. Selective lymphadenec-
tomy in patients with Merkel cell (cutaneous neuroendocrine) carci-
noma. Ann Surg Oncol 1997; 4:389–395.

31. Kelemen PR, Herle AJV, Giuliano AE. Sentinel lymphadenectomy in
thyroid malignant neoplasms. Arch Surg 1998; 133:288–292.

32. Cody HS, Hill ADK, Tran KN, et al. Credentialing for breast lym-
phatic mapping: how many cases are enough? Ann Surg 1999; 229:
723–728.

33. Cox CE, Bass SS, Boulaward D, et al. Implementation of new surgical
technology: outcome measures for lymphatic mapping of breast car-
cinoma. Ann Surg Oncol 1999; 6:553–561.

34. Morton DL. Commentary: intraoperative lymphatic mapping and sen

tinel lymphadenectomy: community standard of care or clinical inves-
tigation? Cancer J 1997:328–330.

35. Orr RK, Hoehn JL, Col NF. The learning curve for sentinel node
biopsy in breast cancer. Arch Surg 1999; 134:764–767.

36. Giuliano AE. See one, do twenty-five, teach one: the implementation
of sentinel node dissection in breast cancer. Ann Surg Oncol 1999;
6:520–521.

37. Ritchie WP, Rhodes RS, Biester TW. Work loads and practice patterns
of general surgeons in the United States, 1995–1997. Ann Surg 1999;
230:533–543.

38. Moffat F, Senofsky G, Davis K, et al. Axillary node dissection for
early breast cancer: some is good, but all is better. J Surg Oncol 1992;
51:8–13.

39. Greenson JK, Isenhart CE, Rice R, et al. Identification of occult
micrometastases in pericolic lymph nodes of Dukes’ B colorectal
cancer patients using monoclonal antibodies again cytokeratin and
CC49. Cancer 1994; 73:563–569.

40. Jeffers MD, O’Dowd GM, Mulcahy H, et al. The prognostic signifi-
cance of immunohistochemically detected lymph node micrometasta-
ses in colorectal carcinoma. J Pathol 1994; 172:183–187.

41. Cutait R, Alves VAF, Lopes LC, et al. Restaging of colorectal cancer
based on the identification of lymph node micrometastases through
immunoperoxidase staining of CEA and cytokeratins. Dis Colon Rec-
tum 1991; 34:917–920.

42. Adell G, Boeryd B, Franlund B, et al. Occurrence and prognostic
importance of micrometastases in regional lymph nodes in Dukes’ B
colorectal carcinoma: an immunohistochemical study. Eur J Surg
1996; 162:637–642.

43. Cancer Statistics Review: 1973—1989. In: Miller BA, Ries LAG,
Hankey BF, Kosary CL, Edwards BK, eds. National Cancer Institute
NIH pub. no. 92–2789, 1992.

44. International Breast Cancer Study Group. Prognostic importance of
occult axillary lymphnode micrometastases from breast cancers. Lan-
cet 1990; 335:1565–1568.

45. Lindblom A. Improved tumor staging in colorectal cancer. N Engl
J Med 1998; 339:264–265.

46. Wong JH, Severino R, Honnebier MB, et al. Number of nodes exam-
ined and staging accuracy in colorectal carcinoma. J Clin Oncol 1999;
17:2896–2900.

Vol. 233 ● No. 4 Wong and Others 521


